New Lu-Hf garnet growth ages from high-pressure rocks from the structurally lowest terrane (Nevado-Filábride Complex) in the Betic Cordillera of southern Spain indicate early Miocene subduction of continental crust, requiring significant revision of the timing and processes of orogeny in the western part of the Alpine orogenic system. Mafic eclogite and pelitic schist give Lu-Hf ages in the range 18-14 Ma, and fission-track data show that the terrane was exhumed by 12-8 Ma. The overlying terrane (Alpujárride Complex) shows early Tertiary high pressure-temperature metamorphism; this was followed by a thermal event that accompanied rapid crustal extension at 22-18 Ma, leading to the formation of the Alboran Sea backarc basin. The evidence therefore suggests two phases of continental subduction separated by a phase of largescale intraorogenic extension. The two terranes are now separated by a mid-late Miocene low-angle extensional fault. The timing and paleogeographic setting suggest that the Nevado-Filábride terrane originally was close to the rifted South Iberian margin, and was subducted during westward motion of the extending upper terrane between the converging African and Iberian plates.
INTRODUCTION
The Mediterranean region contains several young arcuate orogens that surround coeval extensional basins (Jolivet and Facenna, 2000) , including the west-facing Betic-Rif arc and the Alboran Sea basin (Fig.  1) . The Alboran domain, which underlies the Alboran Sea and forms the internal zones of the Betic-Rif arc, is also well known as an example of late orogenic extension superimposed on an earlier contractional orogen (Platt and Vissers, 1989) . The extensional event is well constrained as early Miocene (e.g., García-Dueñas et al., 1992; Platt et al., 2003a) , but the timing of high-pressure metamorphism has been widely debated. Here we present new Lu-Hf garnet growth ages indicating that high-pressure metamorphism in the lowest tectonic unit took place during the early Miocene, after the extensional event in the overlying units. Our new data require that there were two phases of subduction and deep burial of continental crustal rocks, separated by a phase of whole-lithospheric extension. This forces a reappraisal of the mechanism of backarc extension in the region, and of the relationship between the Alboran domain and the rest of the Alpine orogenic system.
GEOLOGIC SETTING
The internal structure of the Alboran domain is dominated by regional low-angle extensional shear zones separating major allochthons with differing metamorphic grades and histories (Martínez-Martínez et al., 2002) (Fig. 2A) . The uppermost allochthon (Maláguide Complex) is largely unmetamorphosed. The middle allochthon (Alpujárride Complex) shows high-pressure (P)-low-temperature (T) metamorphism of probable Eocene age (Platt et al. 2005) , overprinted by early Miocene extension that caused decompression (Monié et al., 1994; García-Casco and Torres-Roldán, 1996; Azañón et al., 1998) , locally accompanied by heating (Soto and Platt, 1999) . In the western Betics, rocks of this allochthon attained upper amphibolite to granulite facies conditions during decompression from eclogite facies (e.g., Tubía et al., 1997; Platt et al., 2003b) , and final exhumation was largely complete by 16-18 Ma (Platt et al., 2003a) . The lowermost allochthon (Nevado-Filábride Complex) shows eclogite facies metamorphism followed by decompression into albite-epidote amphibolite or greenschist facies conditions (e.g., Puga et al., 1999) , with final exhumation and cooling in the period 12-8 Ma (Johnson et al., 1997) .
GEOCHRONOLOGY AND THERMOBAROMETRY
We sampled garnet-bearing rocks for Lu-Hf and Sm-Nd dating from four locations in the Nevado-Filábride Complex, covering most of the exposed area (localities 5, 6, 11, and 13 in Fig. 2B ). The program was supported by Ar-Ar dating of white mica, and by thermobarometry on the dated samples and surrounding metamorphic rocks. New and previously published geochronological and thermobarometric data are shown in their structural context in Figure 2 ; representative isochron diagrams are presented in Figure 3 ; and the full petrological and analytical data, reference ratios, and reproducibility of standards are provided in the GSA Data Repository 1 . Details of chemical and mass spectrometric procedures were given in Anczkiewicz et al. (2004) and Thirlwall and Anczkiewicz (2004) .
Mafic eclogites and blueschists occur as lenses in the upper two tectonic units of the Nevado-Filábride Complex (Calar Alto and Bédar-Macael units). Thermobarometric data and phase relations suggest an overall increase in peak P and T from east (1180 MPa, 480 ЊC) to west (1900 MPa at 650 Ϯ 30 ЊC) within the Calar Alto unit, and higher metamorphic pressures in the Calar Alto unit than in the overlying Bédar-Macael unit (Table DR4 ; see footnote 1). The lowest (Ragua) unit does not contain eclogite facies rocks.
All four samples give Miocene Lu-Hf ages. PB406 (an eclogite from the Bédar-Macael unit) and PB385 and PB490 (an eclogite and a garnet mica schist from the Calar Alto unit) yield precise isochron ages of 18.2 Ϯ 0.8 Ma, 16.9 Ϯ 1.2 Ma, and 16.8 Ϯ 0.3 Ma, respectively ( Fig. 3 ; Table DR5 [see footnote 1]). Each age is defined by two garnet separates and either a whole-rock or a clinopyroxene separate; the isochron in PB490 is additionally supported by apatite. The consistency of the results, and the fact that peak metamorphic temperatures for these rocks are well below the estimated closure temperature for the Lu-Hf system (Scherer et al., 2000) , indicates that the Lu-Hf ages reflect the time of garnet growth on the prograde path of the high-P metamorphism in these rocks. None of these samples yielded Sm-Nd ages; this is due to the presence of Nd-rich sphene inclusions (Mawby et al., 1999) , which dominated the Sm-Nd budget and made age determination impossible.
PB216, a garnet-chloritoid schist that comes from the lowest structural position near the base of the Calar Alto unit, gives a Lu-Hf age of 13.6 Ϯ 0.4 Ma. Some caution is needed in the interpretation of this result. Garnet in this sample has a particularly low Hf content (Table DR5 ; see footnote 1), so Ͻ1 ng of Hf was analyzed from each garnet fraction. Both fractions, however, yielded reproducible 176 Hf/ 177 Hf ratios, and together with the whole-rock analysis define a precise isochron age, despite low precision on the analyses. This was possible due to extremely high 176 Lu/ 177 Hf ratios (57 and 58), which diminished (Fig. 1). the age uncertainty. In view of the low peak T (Ͻ600 ЊC) indicated by the phase assemblage, the age is likely to record the time of prograde garnet growth. The age is outside the error range of the other samples, which suggests that prograde metamorphism at this low structural level may have been somewhat later than in the overlying rocks.
As with the other samples, Sm-Nd dating of PB216 failed. The 147 Sm/ 144 Nd ratios were sufficient for dating, but the analyses did not define an isochron. This is despite the fact that, microscopically, the garnet is very clean. Contamination by rare Nd-rich inclusions probably affected the Sm-Nd budget of the analyzed fractions.
We have obtained new in situ laser probe white mica Ar-Ar ages from eight samples in the Nevado-Filábride Complex (Fig. 2B and Table DR6 [see footnote 1]). Five of the analyses are in the same range (13-18.6 Ma) as the garnet ages, suggesting rapid cooling after the growth of the high-P assemblage. Some ages are much older, however, and are inconsistent with our garnet data. The most obvious example is PB216, with a garnet Lu-Hf age of 13.6 Ϯ 0.4 Ma and a white mica Ar-Ar age of 75 Ϯ 4 Ma. It seems unlikely that the Ar-Ar age in this sample reflects a real geologic event. Excess Ar is common in high-P metamorphic rocks and can be very difficult to detect because the 40 Ar/ 36 Ar ratios are too high for precise measurement (e.g., Arnaud and Kelley 1995; Sherlock and Arnaud 1999) . In such cases the most reliable estimates of the age of metamorphic events has come from other isotopic systems, including Lu-Hf and Sm-Nd dating of garnet growth (e.g., Lapen et al., 2003) . In situ ultraviolet laser ablation investigations of excess Ar in Alpine ultrahigh-P rocks (Arnaud and Kelley, 1995) showed that the highest concentrations were associated with the earliest mica and feldspar fabrics, and lesser amounts were present in later formed fabrics. A similar relationship between mica fabric and Ar-Ar age was observed in an in situ laser melting study of micas in NevadoFilábride rocks (Augier et al., 2005) . Given that the mica ages are variably older than our consistent Lu-Hf garnet ages, we suggest they are the result of variable excess Ar. A similar interpretation of preMiocene ages from the Nevado-Filábride Complex was reached by de Jong (2003) .
A U-Pb zircon age of 15.0 Ϯ 0.6 Ma from an ultramafic body intercalated in the Calar Alto unit was interpreted by Sánchez-Vizcaíno et al. (2001; location 10 in Fig. 2B ) as evidence for middle Miocene subduction. Zircon growth in itself is not an indicator of high-P metamorphism, and it may have grown during decompression, but our garnet ages confirm that the high-P event in these rocks was of Miocene age. Figure 2B summarizes our new garnet Lu-Hf ages, together with other radiometric data from the Betic Cordillera. An important and robust conclusion to be drawn from the data is that the lowest (NevadoFilábride) complex in the Internal Betics has a fundamentally different and younger metamorphic and tectonic history than the overlying allochthons. The Nevado-Filábride Complex was undergoing prograde high-pressure metamorphism at 18 Ma and later, after the overlying Alpujárride allochthon had been exhumed and cooled. Exhumation of the Nevado-Filábride Complex started immediately after high-P metamorphism, and took place along a major detachment that separates it from the overlying Alpujárride Complex. Exhumation was diachronous from east to west over the period 12-8 Ma (Johnson et al., 1997) ; the rocks in the west were exhumed from greater depth, so the rates are similar at ϳ8 km/m.y.
DISCUSSION AND CONCLUSIONS
A corollary of this result is that two distinct contractional events, involving subduction and high-P-low-T metamorphism of continental crustal rocks, contributed to the construction of the Betic Cordillera. Dating high-P metamorphic assemblages is difficult, and is compounded in the Alpujárride Complex by the early Miocene thermal event. The Ar-Ar growth ages of ca. 48 Ma from foliation-forming white micas in low-grade phyllites of this complex (Platt et al., 2005) , however, suggest Eocene contractional deformation, and this is supported by stratigraphic evidence for latest Eocene contraction in the overlying Maláguide Complex (Lonergan, 1993) .
Our results require a fundamental reassessment of the tectonic evolution of the Alboran domain and its surroundings (Fig. 4) . The Paleogene contractional event in the Alboran domain (comprising the Alpujárride and Maláguide Complexes) appears to have been an accretionary event, albeit involving sediments deposited on continental crust, and its age is consistent with the idea that it formed part of a continuous convergent belt linked through Corsica to the Alpine orogen (Jolivet and Facenna, 2000) . In the late Oligocene the western part of this orogenic system underwent a rapid phase of extension, possibly as a result of the removal of underlying lithospheric mantle (Platt and Vissers, 1989) . Fragments of this extended orogen migrated across the western Mediterranean, opening up the Neogene Balearic and Tyrrhenian basins behind them, and collided with the Adrian and African margins to form the Calabrian, Peloritani, and Kabylian massifs (Jolivet and Facenna, 2000) . The westernmost part, however, migrated west between the converging African and Iberian plates to form the BeticRif arc (Platt et al., 2003c) . During this process the material that now forms the Nevado-Filábride Complex was subducted and accreted beneath the Alpujárride Complex. Given its present position, and the overall WNW sense of relative motion between the Alboran domain and the Iberian margin, the most likely position for the proto-NevadoFilábride Complex was close to the southwest Iberian margin, and it may have formed a rifted distal part of that margin (Fig. 4) .
